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1
LOW-NOISE VOLTAGE-CONTROLLED
OSCILLATOR

The present application is a national phase of International
Application No. PCT/CN2013/072426, which claims the pri-
ority to Chinese Patent Applications No. 201210360991.5,
titled “VOLTAGE-CONTROLLED OSCILLATOR WITH
LOW-NOISE AND LARGE TUNING RANGE”, No.
201210357276.6, titled “LOW-NOISE VOLTAGE-CON-
TROLLED OSCILLATOR”, No. 201210360745.X, titled
“INTEGRATED LOW-NOISE VOLTAGE-CONTROLLED
OSCILLATOR”, and No. 201210357240.8, titled “LOW-
NOISE VOLTAGE-CONTROLLED OSCILLATOR”, filed
with the Chinese State Intellectual Property Office on Sep. 21,
2012, which are incorporated herein by reference in their
entireties.

FIELD

The present disclosure relates to the technical field of inte-
grated circuit, and particularly to a low-noise voltage-con-
trolled oscillator.

BACKGROUND

A voltage-controlled oscillator (VCO) refers to an oscil-
lating circuit for which a correspondence relationship
between an output frequency and an input control voltage
exists.

The voltage-controlled oscillator is one of important basic
circuits in the integrated circuit. The implementation of the
voltage-controlled oscillator includes a ring voltage-con-
trolled oscillator (Ring VCO) and an inductance-capacitance
voltage-controlled oscillator (LC VCO). The voltage-con-
trolled oscillator is widely applied to a clock synchronization
circuit in a microprocessor, a frequency synthesizer in a wire-
less communication transceiver, a multi-phase sampling cir-
cuit and a clock recovery circuit (CRC) in optical-fiber com-
munication.

Phase noise is one of main parameters for measuring per-
formance of the voltage-controlled oscillator. In most cases,
the phase noise performance of the voltage-controlled oscil-
lator is the dominating factor for sensitivity of an integrated
receiver. Ideally, a signal spectrum output by a voltage-con-
trolled oscillator is an impulse function. However, signal
spectrum characteristics output by the voltage-controlled
oscillator is a frequency response masking curve since vari-
ous noise sources exist in practical circuit.

The noise source in the voltage-controlled oscillator circuit
may include a device noise and an external interference noise.
The device noise mainly includes a thermal noise and a flicker
noise, and the external interference noise mainly includes a
substrate noise and a power supply noise. The device noise in
the voltage-controlled oscillator mainly comes from a para-
sitic series resistance of an on-chip inductor and a variable
capacitor, a switch differential pair tube and a tail current
source.

SUMMARY

The technical problem to be solved in the present disclo-
sure is to provide a low-noise voltage-controlled oscillator
having large output voltage amplitude, thus phase noise in the
whole circuit can be reduced and phase noise performance
can be improved.

A low-noise voltage-controlled oscillator is provided in the
present disclosure. The low-noise voltage-controlled oscilla-
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2

tor includes a resonance circuit, a negative resistance circuit,
a current source circuit and a feedback circuit,

the resonance circuit is configured to generate an oscilla-
tion signal of the voltage-controlled oscillator, the resonance
circuit is an inductance-capacitance resonance circuit, and a
capacitor in the resonance circuit is formed by a MOS varac-
tor or a backward diode;

the negative resistance circuit is configured to generate a
negative resistance to counteract a positive resistance gener-
ated by the resonance circuit;

the current source circuit is configured to generate a current
for operation of the voltage-controlled oscillator; and

the feedback circuit is configured to feed back the oscilla-
tion signal generated by the resonance circuit to the current
source circuit.

Preferably, a master device for providing a current in the
current source circuit is a MOS transistor or a triode.

In a case that the master device for providing a current in
the current source circuit is the MOS transistor, the current
source circuit includes a first MOS transistor, a second MOS
transistor, a fifth resistor, a sixth resistor, a ninth capacitor and
a tenth capacitor.

A gate of the first MOS transistor is connected to the ninth
capacitor that is grounded and the gate of the first MOS
transistor is an input terminal for a first feedback signal of the
feedback circuit, and a source of the first MOS transistor is
grounded.

A gate of the second MOS ftransistor is connected to the
tenth capacitor that is grounded and the gate of the second
MOS transistor is an input terminal for a second feedback
signal ofthe feedback circuit, and a source of the second MOS
transistor is grounded.

A drain of the first MOS transistor is connected to a drain
ofthe second MOS transistor, and a connection node between
the drain of the first MOS transistor and the drain of the
second MOS transistor is a connection node between an input
terminal of the negative resistance circuit and an output ter-
minal of the current source circuit.

One end of the fifth resistor is connected to the gate of the
first MOS transistor, and the other end of the fifth resistor is
connected to a third control voltage.

One end of the sixth resistor is connected to the gate of the
second MOS transistor, and the other end of the sixth resistor
is connected to the third control voltage.

In a case that the master device for providing a current in
the current source circuit is the triode, the current source
circuit includes a third bipolar transistor, a fourth bipolar
transistor, a fifth resistor, a sixth resistor, a ninth capacitor and
a tenth capacitor.

A base of the third bipolar transistor is connected to the
ninth capacitor that is grounded and the base of the third
bipolar transistor is an input terminal for a first feedback
signal, and an emitter of the third bipolar transistor is
grounded.

A base of the fourth bipolar transistor is connected to the
tenth capacitor that is grounded and the base of the fourth
bipolar transistor is an input terminal for a second feedback
signal, and an emitter of the fourth bipolar transistor is
grounded.

A collector of the third bipolar transistor is connected to a
collector of the fourth bipolar transistor, and a connection
node between the collector of the third bipolar transistor and
the collector of the fourth bipolar transistor is a connection
node between an input terminal of the negative resistance
circuit and an output terminal of the current source circuit.
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One end of the fifth resistor is connected to the base of the
third bipolar transistor, and the other end of the fifth resistor is
connected to a third control voltage.

One end of the sixth resistor is connected to the base of the
fourth bipolar transistor, and the other end of the sixth resistor
is connected to the third control voltage.

Preferably, in a case that the capacitor in the resonance
circuit is formed by the MOS varactor,

the resonance circuit includes a differential inductor, a first
MOS varactor, a second MOS varactor, a third capacitor, a
fourth capacitor, a first resistor and a second resistor.

One end of the differential inductor is connected to a first
node, and the other end of the differential inductor is con-
nected to a second node.

A gate of the first MOS varactor is connected to a third
node, and a drain and a source of the first MOS varactor are
shorted together and connected to a first control voltage.

A gate of the second MOS varactor is connected to a fourth
node, and a drain and a source of the second MOS varactor are
shorted together and connected to the first control voltage.

One end of the first resistor is connected to the third node,
and the other end of the first resistor is grounded.

One end of the second resistor is connected to the fourth
node, and the other end of the second resistor is grounded.

Two ends of the third capacitor are respectively connected
to the first node and the third node, and two ends of the fourth
capacitor are respectively connected to the second node and
the fourth node.

The first node is a first connection node between the reso-
nance circuit and the negative resistance circuit and outputs a
first resonant signal, and the second node is a second connec-
tion node between the resonance circuit and the negative
resistance circuit and outputs a second resonant signal.

In a case that the capacitor in the resonance circuit is
formed by the backward diode,

the resonance circuit includes a differential inductor, a first
backward diode, a second backward diode, a third capacitor,
a fourth capacitor, a first resistor and a second resistor.

One end of the differential inductor is connected to a first
node, and the other end of the differential inductor is con-
nected to a second node.

An anode of the first backward diode is connected to a third
node, and a cathode of the first backward diode is connected
to a first control voltage.

An anode of the second backward diode is connected to a
fourth node, and a cathode of the second backward diode is
connected to the first control voltage.

One end of the first resistor is connected to the third node,
and the other end of the first resistor is grounded.

One end of the second resistor is connected to the fourth
node, and the other end of the second resistor is grounded.

Two ends of the third capacitor are respectively connected
to the first node and the third node, and two ends of the fourth
capacitor are respectively connected to the second node and
the fourth node.

The first node is a first connection node between the reso-
nance circuit and the negative resistance circuit and outputs a
first resonant signal, and the second node is a second connec-
tion node between the resonance circuit and the negative
resistance circuit and outputs a second resonant signal.

Preferably, the negative resistance circuit includes a first
bipolar transistor, a second bipolar transistor, a third resistor,
a fourth resistor, a fifth capacitor, a sixth capacitor and an
eleventh capacitor.

A base of the first bipolar transistor is connected to a fifth
node, and a collector of the first bipolar transistor is connected
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to a first node which is a first connection node between the
negative resistance circuit and the resonance circuit.

A base of the second bipolar transistor is connected to a
sixth node, and a collector of the second bipolar transistor is
connected to a second node which is a second connection
node between the negative resistance circuit and the reso-
nance circuit.

An emitter of the first bipolar transistor is connected to an
emitter of the second bipolar transistor, and a connection node
between the emitter of the first bipolar transistor and the
emitter of the second bipolar transistor is a connection node
between an input terminal of the negative resistance circuit
and an output terminal of the current source circuit.

One end of the third resistor is connected to the fifth node,
and the other end of the third resistor is connected to a second
control voltage.

One end of the fourth resistor is connected to the sixth
node, and the other end of the fourth resistor is connected to
the second control voltage.

One end of the fifth capacitor is connected to the first node,
and the other end of the fifth capacitor is connected to the
sixth node.

One end of the sixth capacitor is connected to the second
node, and the other end of the sixth capacitor is connected to
the fifth node.

Two ends of the eleventh capacitor are respectively con-
nected to the second control voltage and ground.

Preferably,

the feedback circuit includes a seventh capacitor and an
eighth capacitor.

One end of the seventh capacitor is connected to a first
output terminal of the resonance circuit, the other end of the
seventh capacitor is connected to a first signal input terminal
of'the current source circuit, a first resonant signal is fed back
to the current source circuit via the seventh capacitor, and the
other end of the seventh capacitor is a first output terminal of
the voltage-controlled oscillator.

One end of the eighth capacitor is connected to a second
output terminal of the resonance circuit, the other end of the
eighth capacitor is connected to a second signal input termi-
nal of the current source circuit, a second resonant signal is
fed back to the current source circuit via the eighth capacitor,
and the other end of the eighth capacitor is a second output
terminal of the voltage-controlled oscillator.

Preferably, capacitances of the third capacitor and the
fourth capacitor are at least 10 times greater than capacitances
of the first MOS varactor and the second MOS varactor.

Preferably, the first MOS varactor and the second MOS
varactor operate in an accumulation region or a depletion
region.

Preferably, the first bipolar transistor and the second bipo-
lar transistor are in a forward operating region.

Preferably, the third bipolar transistor and the fourth bipo-
lar transistor are in a forward operating region.

Preferably, the first backward diode and the second back-
ward diode operate in a reverse operating region.

Preferably, the first MOS transistor and the second MOS
transistor are in a saturation region.

Compared with the conventional technology, the present
disclosure has the following advantages.

In the voltage-controlled oscillator with low-noise and
large tuning range according to the present disclosure, the
current source circuit is configured to generate a current for
operation of the voltage-controlled oscillator; the resonance
circuit is configured to generate an oscillation signal of the
voltage-controlled oscillator; the resonance circuit is an
inductance-capacitance resonance circuit, a capacitor in the
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resonance circuit is formed by a MOS varactor to increase the
tuning range of the circuit; the negative resistance circuit is
configured to generate a negative resistance to counteract a
positive resistance generated by the resonance circuit; and the
feedback circuit is configured to feed back the oscillation
signal generated by the resonance circuit to the current source
circuit to inject a new current for the current source so as to
improve the use efficiency of the voltage-controlled oscilla-
tor. Therefore, the voltage-controlled oscillator according to
the embodiments of the present disclosure has larger output
voltage amplitude. The phase noise performance of the volt-
age-controlled oscillator is better as the output voltage ampli-
tude of the voltage-controlled oscillator is larger.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of a voltage-controlled oscilla-
tor in the conventional technology;

FIG. 2 is a schematic view of a low-noise voltage-con-
trolled oscillator according to a first embodiment of the
present disclosure;

FIG. 3 is a schematic view of a low-noise voltage-con-
trolled oscillator according to a second embodiment of the
present disclosure;

FIG. 4 is a schematic view of a low-noise voltage-con-
trolled oscillator according to a third embodiment of the
present disclosure;

FIG. 5 is a schematic view of a low-noise voltage-con-
trolled oscillator according to a fourth embodiment of the
present disclosure;

FIG. 6 is a schematic view of a low-noise voltage-con-
trolled oscillator according to a fifth embodiment of the
present disclosure;

FIG. 7 is a circuit diagram of a low-noise voltage-con-
trolled oscillator according to a sixth embodiment of the
present disclosure;

FIG. 8 is a circuit diagram of a low-noise voltage-con-
trolled oscillator according to a seventh embodiment of the
present disclosure; and

FIG. 9 is a circuit diagram of a low-noise voltage-con-
trolled oscillator according to an eighth embodiment of the
present disclosure.

DETAILED DESCRIPTION

In order to make the above objectives, features and advan-
tages of the present disclosure more apparent, embodiments
of the present disclosure will be explained in detail below in
conjunction with the accompanying drawings.

Reference is made to FIG. 2 which is a schematic view of
a low-noise voltage-controlled oscillator according to a first
embodiment of the present disclosure.

The low-noise voltage-controlled oscillator according to
the present embodiment includes a resonance circuit 100, a
negative resistance circuit 200, a current source circuit 300
and a feedback circuit 400.

The resonance circuit 100 is configured to generate an
oscillation signal of the voltage-controlled oscillator. The
resonance circuit 100 is an inductance-capacitance resonance
circuit, and a capacitor in the resonance circuit 100 is formed
by a MOS varactor.

The negative resistance circuit 200 is configured to gener-
ate a negative resistance to counteract a positive resistance
generated by the resonance circuit 100.

The current source circuit 300 is configured to generate a
current for operation of the voltage-controlled oscillator.
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The feedback circuit 400 is configured to feed back the
oscillation signal generated by the resonance circuit 100 to
the current source circuit 300.

In the low-noise voltage-controlled oscillator according to
the present disclosure, the current source circuit 300 is con-
figured to generate a current for operation of the voltage-
controlled oscillator; the resonance circuit 100 is configured
to generate an oscillation signal of the voltage-controlled
oscillator; the resonance circuit 100 is an inductance-capaci-
tance resonance circuit, the capacitor in the resonance circuit
100 is formed by a MOS varactor to increase the tuning range
of'the circuit; the negative resistance circuit 200 is configured
to generate a negative resistance to counteract a positive resis-
tance generated by the resonance circuit 100; and the feed-
back circuit 400 is configured to feed back the oscillation
signal generated by the resonance circuit 100 to the current
source circuit 300 to inject a new current for the current
source circuit 300 so as to improve the use efficiency of the
voltage-controlled oscillator. Therefore, the voltage-con-
trolled oscillator according to the embodiment of the present
disclosure has larger output voltage amplitude. The phase
noise performance of the voltage-controlled oscillator is bet-
ter as the output voltage amplitude of the voltage-controlled
oscillator is larger.

The capacitor in the resonance circuit 100 in the embodi-
ment as shown in FIG. 2 is formed by a MOS varactor. An
embodiment in which the capacitor in the resonance circuit is
formed by a backward diode is described as follows.

Reference is made to FIG. 3 which is a schematic view of
a low-noise voltage-controlled oscillator according to a sec-
ond embodiment of the present disclosure.

The low-noise voltage-controlled oscillator according to
the present embodiment includes a resonance circuit 100, a
negative resistance circuit 200, a current source circuit 300
and a feedback circuit 400.

The resonance circuit 100 is configured to generate an
oscillation signal of the voltage-controlled oscillator. The
resonance circuit 100 is an inductance-capacitance resonance
circuit, and the capacitor in the resonance circuit is formed by
a backward diode.

The negative resistance circuit 200 is configured to gener-
ate a negative resistance to counteract a positive resistance
generated by the resonance circuit 100.

The current source circuit 300 is configured to generate a
current for operation of the voltage-controlled oscillator.

The feedback circuit 400 is configured to feed back the
oscillation signal generated by the resonance circuit 100 to
the current source circuit 300.

In the low-noise voltage-controlled oscillator according to
the present disclosure, the current source circuit 300 is con-
figured to generate a current for operation of the voltage-
controlled oscillator; the resonance circuit 100 is configured
to generate an oscillation signal of the voltage-controlled
oscillator; the resonance circuit 100 is an inductance-capaci-
tance resonance circuit, the capacitor in the resonance circuit
is formed by a backward diode; the negative resistance circuit
200 is configured to generate a negative resistance to coun-
teract a positive resistance generated by the resonance circuit
100; and the feedback circuit 400 is configured to feed back
the oscillation signal generated by the resonance circuit 100
to the current source circuit 300 to inject a new current for the
current source circuit 300 so as to improve the use efficiency
of the voltage-controlled oscillator. Therefore, the voltage-
controlled oscillator according to the embodiment of the
present disclosure has larger output voltage amplitude. The
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phase noise performance of the voltage-controlled oscillator
is better as the output voltage amplitude of the voltage-con-
trolled oscillator is larger.

The two implementations of the resonance circuit are
described in the above embodiments. Two implementations
of the current source circuit are described in detail in con-
junction with accompanying drawings in the following.

Reference is made to FIG. 4 which is a schematic view of
a low-noise voltage-controlled oscillator according to a third
embodiment of the present disclosure.

The low-noise voltage-controlled oscillator according to
the embodiment of the present disclosure includes a reso-
nance circuit 100, a negative resistance circuit 200, a current
source circuit 300 and a feedback circuit 400.

The resonance circuit 100 is configured to generate an
oscillation signal of the voltage-controlled oscillator. The
resonance circuit 100 is an inductance-capacitance resonance
circuit, and the capacitor in the resonance circuit is formed by
a backward diode.

The negative resistance circuit 200 is configured to gener-
ate a negative resistance to counteract a positive resistance
generated by the resonance circuit 100.

The feedback circuit 400 is configured to feed back the
oscillation signal generated by the resonance circuit 100 to
the current source circuit 300.

The current source circuit 300 is configured to generate a
current for operation of the voltage-controlled oscillator. The
current source circuit 300 includes a first MOS transistor M1,
a second MOS transistor M2, a fifth resistor R5, a sixth
resistor R6, a ninth capacitor C9 and a tenth capacitor C10.

A gate of the first MOS transistor M1 is connected to the
ninth capacitor C9 that is grounded and the gate of the first
MOS transistor M1 is an input terminal for a first feedback
signal of the feedback circuit 400, and a source of the first
MOS transistor M1 is grounded.

A gate of the second MOS transistor M2 is connected to the
tenth capacitor C10 that is grounded and the gate of the
second MOS transistor M2 is an input terminal for a second
feedback signal of the feedback circuit 400, and a source of
the second MOS transistor M2 is grounded.

A drain of the first MOS transistor M1 is connected to a
drain of the second MOS transistor M2, and a connection
node between the drain of the first MOS transistor M1 and the
drain of the second MOS transistor M2 is a connection node
between an input terminal of the negative resistance circuit
200 and an output terminal of the current source circuit 300.

One end of the fifth resistor R5 is connected to the gate of
the first MOS transistor M1, and the other end of the fifth
resistor R5 is connected to a third control voltage VBIAS.

One end of the sixth resistor R6 is connected to the gate of
the second MOS transistor M2, and the other end of the sixth
resistor R6 is connected to the third control voltage VBIAS.

It should be noted that M1 and M2 may be in a saturation
region by controlling the voltage value of the third control
voltage VBIAS.

It should be noted that C9 and C10 can be used for filtering,
and filtering out high frequency signals generated by Q3 and
Q4.

In the low-noise voltage-controlled oscillator according to
the present disclosure, the current source circuit 300 is con-
figured to generate a current for operation of the voltage-
controlled oscillator; the resonance circuit 100 is configured
to generate an oscillation signal of the voltage-controlled
oscillator; the resonance circuit 100 is an inductance-capaci-
tance resonance circuit, the capacitor in the resonance circuit
is formed by a backward diode; the negative resistance circuit
200 is configured to generate a negative resistance to coun-
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teract a positive resistance generated by the resonance circuit
100; and the feedback circuit 400 is configured to feed back
the oscillation signal generated by the resonance circuit 100
to the current source circuit 300 to inject a new current for the
current source circuit 300 so as to improve the use efficiency
of'the voltage-controlled oscillator. In addition, the first MOS
transistor and the second MOS transistor are adopted for the
current source current, and the voltage-controlled oscillator
according to the embodiment of the present disclosure has
larger output voltage amplitude since the first MOS transistor
and the second MOS transistor have small threshold voltage.
The phase noise performance of the voltage-controlled oscil-
lator is better as the output voltage amplitude of the voltage-
controlled oscillator is larger.

Reference is made to FIG. 5 which is a schematic view of
a low-noise voltage-controlled oscillator according to a
fourth embodiment of the present disclosure.

FIG. 5 differs from FIG. 4 in that the capacitor in the
resonance circuit 100 is formed by a MOS varactor.

In the low-noise voltage-controlled oscillator according to
the present disclosure, the current source circuit 300 is con-
figured to generate a current for operation of the voltage-
controlled oscillator; the resonance circuit 100 is configured
to generate an oscillation signal of the voltage-controlled
oscillator; the resonance circuit 100 is an inductance-capaci-
tance resonance circuit, the capacitor in the resonance circuit
100 is formed by a MOS varactor to increase the tuning range
of'the circuit; the negative resistance circuit 200 is configured
to generate a negative resistance to counteract a positive resis-
tance generated by the resonance circuit 100; and the feed-
back circuit 400 is configured to feed back the oscillation
signal generated by the resonance circuit 100 to the current
source circuit 300 to inject a new current for the current
source circuit 300 so as to improve the use efficiency of the
voltage-controlled oscillator. In addition, the first MOS tran-
sistor and the second MOS transistor are adopted for the
current source current, and the voltage-controlled oscillator
according to the embodiment of the present disclosure has
larger output voltage amplitude since the first MOS transistor
and the second MOS transistor have small threshold voltage.
The phase noise performance of the voltage-controlled oscil-
lator is better as the output voltage amplitude of the voltage-
controlled oscillator is larger.

A specific structure of the voltage-controlled oscillator
according to the embodiment of the present disclosure is
described in conjunction with accompanying drawings in the
following.

Reference is made to FIG. 6 which is a schematic view of
a low-noise voltage-controlled oscillator according to a fifth
embodiment of the present disclosure.

The voltage-controlled oscillator according to the embodi-
ment of the present disclosure includes a resonance circuit, a
negative resistance circuit, a current source circuit and a feed-
back circuit.

The resonance circuit includes a differential inductor L0, a
first MOS varactor C1, a second MOS varactor C2, a third
capacitor C3, a fourth capacitor C4, a first resistor R1 and a
second resistor R2.

A tap of the differential inductor L0 is connected to a power
source.

One end of the differential inductor L0 is connected to a
first node A, and the other end of the differential inductor L0
is connected to a second node B.

A gate of the first MOS varactor is connected to a third node
C, and a drain and a source of the first MOS varactor are
shorted together and connected to a first control voltage
ATUNE.
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A gate of the second MOS varactor is connected to a fourth
node D, and a drain and a source of the second MOS varactor
are shorted together and connected to the first control voltage
ATUNE.

The operating frequency of the voltage-controlled oscilla-
tor may be adjusted by adjusting the value of the first control
voltage ATUNE.

One end of the first resistor R1 is connected to the third
node C, and the other end of the first resistor R1 is grounded.

One end of the second resistor R2 is connected to the fourth
node D, and the other end of the second resistor R2 is
grounded.

Two ends of the third capacitor C3 are respectively con-
nected to the first node A and the third node C, and two ends
of the fourth capacitor C4 are respectively connected to the
second node B and the fourth node D.

The first node A is a first connection node between the
resonance circuit and the negative resistance circuit and out-
puts a first resonant signal. The second node B is a second
connection node between the resonance circuit and the nega-
tive resistance circuit and outputs a second resonant signal.

It should be noted that C1 and C2 operate in an accumula-
tion region or a depletion region.

Capacitances of the third capacitor C3 and the fourth
capacitor C4 are at least 10 times greater than capacitances of
the first MOS varactor Cl and the second MOS varactor C2. In
this way, a wide frequency tuning range of the voltage-con-
trolled oscillator according to the embodiment of the present
disclosure can be ensured.

It should be noted that the capacitor in the resonance circuit
according to the embodiment of the present disclosure is
formed by MOS varactors (C1 and C2). The capacitance
value of the MOS varactor significantly varies with the first
control voltage ATUNE, and thus the voltage-controlled
oscillator adopting the MOS varactor has a wide tuning range.

The negative resistance circuit includes a first transistor
bipolar transistor Q1, a second bipolar transistor Q2, a third
resistor R3, a fourth resistor R4, a fifth capacitor C5, a sixth
capacitor C6 and an eleventh capacitor C11.

A base of the first bipolar transistor Q1 is connected to a
fifth node M, and a collector of the first bipolar transistor Q1
is connected to the first node A which is a first connection
node between the negative resistance circuit and the reso-
nance circuit.

A base of the second bipolar transistor Q2 is connected to
a sixth node N, and a collector of the second bipolar transistor
Q2 is connected to the second node B which is a second
connection node between the negative resistance circuit and
the resonance circuit.

An emitter of the first bipolar transistor Q1 is connected to
an emitter of the second bipolar transistor Q2, and a connec-
tion node between the emitter of the first bipolar transistor Q1
and the emitter of the second bipolar transistor Q2 is a con-
nection node between an input terminal of the negative resis-
tance circuit and an output terminal of the current source
circuit.

One end of the third resistor R3 is connected to the fifth
node M, and the other end of the third resistor R3 is connected
to a second control voltage CDC.

One end of the fourth resistor R4 is connected to the sixth
node N, and the other end of the fourth resistor R4 is con-
nected to the second control voltage CDC.

One end of the fifth capacitor C5 is connected to the first
node A, and the other end of the fifth capacitor C5 is con-
nected to the sixth node N.
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One end of the sixth capacitor C6 is connected to the
second node B, and the other end of the sixth capacitor C6 is
connected to the fifth node M.

The fifth capacitor C5 and the sixth capacitor C6 are mainly
used for isolating a direct current signal and assisting Q1 and
Q2 to implement a negative resistance so as to counteract a
positive resistance generated by the resonance circuit.

Two ends of the eleventh capacitor C11 are respectively
connected to the second control voltage CDC and ground.

It should be noted that Q1 and Q2 may be ensured to be in
a forward operating region by adjusting the value of the
second control voltage CDC.

The current source circuit includes a third bipolar transistor
Q3, a fourth bipolar transistor Q4, a fifth resistor R5, a sixth
resistor R6, a ninth capacitor C9 and a tenth capacitor C10.

A base of the third bipolar transistor Q3 is connected to the
ninth capacitor C9 that is grounded and the base of the third
bipolar transistor Q3 is an input terminal for a first feedback
signal, and an emitter of the third bipolar transistor Q3 is
grounded.

A base of the fourth bipolar transistor Q4 is connected to
the tenth capacitor C10 that is grounded and the base of the
fourth bipolar transistor Q4 is an input terminal for a second
feedback signal, and an emitter of the fourth bipolar transistor
Q4 is grounded.

A collector of the third bipolar transistor Q3 is connected to
a collector of the fourth bipolar transistor Q4, and a connec-
tion node between the collector of the third bipolar transistor
Q3 and the collector of the fourth bipolar transistor Q4 is a
connection node between an input terminal of the negative
resistance circuit and an output terminal of the current source
circuit.

One end of the fifth resistor RS is connected to the base of
the third bipolar transistor Q3, and the other end of the fifth
resistor R5 is connected to a third control voltage VBIAS.

One end of the sixth resistor R6 is connected to the base of
the fourth bipolar transistor Q4, and the other end of the sixth
resistor R6 is connected to the third control voltage VBIAS.

It should be noted that Q3 and Q4 may be in the forward
operating region by adjusting the voltage value of VBIAS.

It should be noted that C9 and C10 are used for filtering,
and filtering out high frequency signals generated by Q3 and
Q4.

It should be noted that Q1, Q2, Q3 and Q4 may be HBT.

The feedback circuit includes a seventh capacitor C7 and
an eighth capacitor C8.

One end of the seventh capacitor C7 is connected to a first
output terminal (the first node A) of the resonance circuit, the
other end of the seventh capacitor C7 is connected to a first
signal input terminal of the current source circuit, a first
resonant signal is fed back to the current source circuit via the
seventh capacitor C7, and the other end of the seventh capaci-
tor C7 is a first output terminal NOUT of the voltage-con-
trolled oscillator.

One end of'the eighth capacitor C8 is connected to a second
output terminal (the second node B) of the resonance circuit,
the other end of the eighth capacitor C8 is connected to a
second signal input terminal of the current source circuit, a
second resonant signal is fed back to the current source circuit
via the eighth capacitor C8, and the other end of the eighth
capacitor C8 is a second output terminal POUT of the volt-
age-controlled oscillator.

The seventh capacitor C7 and the eighth capacitor C8 are
mainly used for isolating a direct current and feeding back an
alternating current signal to the current source circuit to inject
a new current for the current source circuit. Therefore, the
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oscillation signal generated by the resonance circuit is fed
back and used, and thus the use efficiency is improved.

It should be noted that POUT and NOUT are two output
terminals of the voltage-controlled oscillator. The oscillation
signals output by the two output terminals are both positive
voltage signals, but the oscillation signals output by POUT
and NOUT have opposite phases.

Capacitances of the seventh capacitor C7 and the eighth
capacitor C8 are one tenth of capacitances of the first MOS
varactor C1 and the second MOS varactor C2, and thus it is
ensured that the voltage-controlled oscillator has a wide fre-
quency tuning range.

The operational principle of the voltage-controlled oscil-
lator according to the present disclosure is explained in detail
below in conjunction with FIG. 2.

The phase noise of the voltage-controlled oscillator may be
represented as:

2 1
KT Rop(1 +F)(Z)—Z)) )

LiAw} = 10-log] Vi o

where F is an empirical coefficient; k is the boltzmann
constant; T is an absolute temperature; Aw is an offset fre-
quency relative to a carrier frequency wg; V,,,, 1s a voltage
amplitude of the resonance circuit; and R, is an effective
resistance. It should be noted that the smaller the phase noise
is, the better the phase noise performance of the voltage-
controlled oscillator is.

The current source circuit is configured to generate a cur-
rent for operation of the voltage-controlled oscillator.

The resonance circuit and the negative resistance circuit
are configured to generate an oscillation signal.

The oscillation signal generated by the resonance circuit
and the negative resistance resistance is fed back to the bases
of'the HBTs (Q3 and Q4) in the current source circuit via the
capacitors (C7 and C8) in the feedback circuit. Under the
same direct current bias condition, the current source circuit
of the voltage-controlled oscillator according to the embodi-
ment of the present disclosure has a smaller voltage drop
compared with the current source circuit of the voltage-con-
trolled oscillator in the conventional technology, and thus the
voltage-controlled oscillator according to the embodiment of
the present disclosure has a larger output voltage amplitude.

It can be known from formula (1) that the larger the output
voltage amplitude of the voltage-controlled oscillator is, the
better the phase noise performance of the voltage-controlled
oscillator is.

The output voltages (direct voltages of POUT and NOUT)
of the voltage-controlled oscillator according to the embodi-
ment of the present disclosure increase the voltage drop of
base-emitter of Q3 or Q4, therefore, a peak-to-peak voltage
output by the voltage-controlled oscillator is increased and
the phase noise performance of the voltage-controlled oscil-
lator is improved.

The voltage-controlled oscillator enables base voltages of
the HBTs (Q1 and Q4) to have similar phases by the feedback
circuit and thus enables the current of the voltage-controlled
oscillator to reach a minimum value in its noise sensitive area,
and therefore the phase noise performance of the voltage-
controlled oscillator is improved.

A voltage-controlled oscillator is further provided accord-
ing to the present disclosure. Reference is made to FIG. 7
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which is a circuit diagram of a low-noise voltage-controlled
oscillator according to a sixth embodiment of the present
disclosure.

FIG. 7 differs from FIG. 6 in that the capacitor in the
resonance circuit is formed by a backward diode.

The resonance circuit includes a differential inductor L0, a
first backward diode C1, a second backward diode C2, a third
capacitor C3, a fourth capacitor C4, a first resistor R1 and a
second resistor R2.

A tap of the differential inductor L0 is connected to a power
source.

One end of the differential inductor L0 is connected to a
first node A, and the other end of the differential inductor L0
is connected to a second node B.

An anode of the first backward diode C1 is connected to a
third node C, and a cathode of the first backward diode C1 is
connected to a first control voltage ATUNE.

An anode of the second backward diode C2 is connected to
a fourth node D, and a cathode of the second backward diode
is connected to the first control voltage ATUNE. The operat-
ing frequency of the voltage-controlled oscillator may be
adjusted by adjusting the value of the first control voltage
ATUNE.

One end of the first resistor R1 is connected to the third
node C, and the other end of the first resistor R1 is grounded.

One end of the second resistor R2 is connected to the fourth
node D, and the other end of the second resistor R2 is
grounded.

Two ends of the third capacitor C3 are respectively con-
nected to the first node A and the third node C, and two ends
of the fourth capacitor C4 are respectively connected to the
second node B and the fourth node D.

The first node A is a first connection node between the
resonance circuit and the negative resistance circuit and out-
puts a first resonant signal. The second node B is a second
connection node between the resonance circuit and the nega-
tive resistance circuit and outputs a second resonant signal.

It should be noted that C1 and C2 operate in a reverse
operating region.

Capacitances of the third capacitor C3 and the fourth
capacitor C4 are at least 10 times greater than capacitances of
the first backward diode C1 and the second backward diode
C2. Thus it may be ensured that the voltage-controlled oscil-
lator according to the embodiment of the present disclosure
has a wide frequency tuning range.

It should be noted that the capacitor in the resonance circuit
according to the embodiment of the present disclosure is
formed by backward diodes (C1 and C2). Since the backward
diode operates in the reverse operating region, the capaci-
tance of the backward diode little varies with the first control
voltage ATUNE compared with the MOS varactor. Therefore,
the voltage-controlled oscillator adopting the backward diode
has a smaller gain and thus has a better phase noise.

A voltage-controlled oscillator is further provided accord-
ing to the present disclosure. Reference is made to FIG. 8
which is a circuit diagram of a low-noise voltage-controlled
oscillator according to a seventh embodiment of the present
disclosure.

The current source in FIG. 8 is the same as the current
sources in FIG. 4 and FIG. 5, and other modules except the
current source circuit in FIG. 8 are the same as those in FIG.
7, which is not repeated herein.

A voltage-controlled oscillator is further provided accord-
ing to the present disclosure. Reference is made to FIG. 9
which is a circuit diagram of a low-noise voltage-controlled
oscillator according to an eighth embodiment of the present
disclosure.



US 9,312,808 B2

13

The current source in FIG. 9 is the same as the current
sources in FIG. 4 and FIG. 5, and other modules except the
current source circuit in FIG. 9 are the same as those in FIG.
6, which is not repeated herein.

The embodiments as above described are merely preferred
embodiments of the present disclosure, which are not to limit
the present disclosure in any form. The preferred embodi-
ments of the present disclosure are disclosed above, which
should not be interpreted as limiting the present disclosure.
Numerous possible alternations, modifications and equiva-
lents can be made to the technical solution of the present
disclosure by those skilled in the art in light of the methods
and technical content disclosed herein without deviation from
the scope of technical solutions of the present disclosure.
Therefore, any simple alternations, modifications and equiva-
lents made to the embodiments above according to the tech-
nical essential of the present disclosure without deviation
from the content of technical solutions of the present disclo-
sure should fall within the scope of protection of technical
solutions of the present disclosure.

The invention claimed is:

1. A low-noise voltage-controlled oscillator, comprising a
resonance circuit, a negative resistance circuit, a current
source circuit and a feedback circuit, wherein

the resonance circuit is configured to generate an oscilla-

tion signal of the voltage-controlled oscillator, the reso-
nance circuit is an inductance-capacitance resonance
circuit, and a capacitor in the resonance circuit is formed
by a metal oxide semiconductor (MOS) varactor or a
backward diode;

the negative resistance circuit is configured to generate a

negative resistance to counteract a positive resistance
generated by the resonance circuit;
the current source circuit is configured to generate a current
for operation of the voltage-controlled oscillator; and

the feedback circuit is configured to feed back the oscilla-
tion signal generated by the resonance circuit to the
current source circuit,
wherein the feedback circuit comprises a first capacitor and
a second capacitor,

one end of the first capacitor is connected to a first output
terminal of the resonance circuit, the other end of the
first capacitor is connected to a first signal input terminal
of'the current source circuit, a first resonant signal is fed
back to the current source circuit via the first capacitor,
and the other end of the first capacitor is a first output
terminal of the voltage-controlled oscillator; and

one end of the second capacitor is connected to a second

output terminal of the resonance circuit the other end of
the second ea capacitor is connected to a second signal
input terminal of the current source circuit, a second
resonant signal is fed back to the current source circuit
via the second capacitor, and the other end of the second
capacitor is a second output terminal of the voltage-
controlled oscillator.

2. The low-noise voltage-controlled oscillator according to
claim 1, wherein a master device for providing a current in the
current source circuit is a MOS transistor or a triode;

in a case that the master device for providing a current in

the current source circuit is the MOS transistor, the
current source circuit comprises: a first MOS transistor,
a second MOS transistor, a first resistor, a second resis-
tor, a third capacitor and a fourth capacitor,

a gate of the first MOS transistor is connected to the third

capacitor that is grounded and the gate of the first MOS
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transistor is an input terminal for a first feedback signal
of the feedback circuit, and a source of the first MOS
transistor is grounded;

a gate of the second MOS transistor is connected to the
fourth capacitor that is grounded and the gate of the
second MOS transistor is an input terminal for a second
feedback signal of the feedback circuit, and a source of
the second MOS ftransistor is grounded;

a drain of the first MOS transistor is connected to a drain of
the second MOS transistor, and a connection node
between the drain of the first MOS transistor and the
drain of the second MOS transistor is a connection node
between an input terminal of the negative resistance
circuit and an output terminal of the current source cir-
cuit;

one end of the first resistor is connected to the gate of the
first MOS transistor, and the other end of the first resistor
is connected to a third control voltage; and

one end of the second resistor is connected to the gate of the
second MOS transistor, and the other end of the second
resistor is connected to the third control voltage;

in a case that the master device for providing a current in
the current source circuit is the triode, the current source
circuit comprises: a first bipolar transistor, a second
bipolar transistor, a first resistor, a second resistor, a third
capacitor and a fourth capacitor;

abase of the first bipolar transistor is connected to the third
capacitor that is grounded and the base of the first bipolar
transistor is an input terminal for a first feedback signal,
and an emitter of the first bipolar transistor is grounded;

a base of the second bipolar transistor is connected to the
fourth capacitor that is grounded and the base of the
second bipolar transistor is an input terminal for a sec-
ond feedback signal, and an emitter of the second bipolar
transistor is grounded;

a collector of the first bipolar transistor is connected to a
collector of the second bipolar transistor, and a connec-
tion node between the collector of the first bipolar tran-
sistor and the collector of the second bipolar transistor is
a connection node between an input terminal of the
negative resistance circuit and an output terminal of the
current source circuit;

one end of the first resistor is connected to the base of the
first bipolar transistor, and the other end of the first
resistor is connected to a third control voltage; and

one end of the second resistor is connected to the base of
the second bipolar transistor, and the other end of the
second resistor is connected to the third control voltage.

3. The low-noise voltage-controlled oscillator according to

claim 1, wherein

in a case that the capacitor in the resonance circuit is firmed
by the MOS varactor,

the resonance circuit comprises: a differential inductor, a
first MOS varactor, a second MOS varactor, a third
capacitor, a fourth capacitor, a first resistor and a second
resistor;

one end of the differential inductor is connected to a first
node, and the other end of the differential inductor is
connected to a second node;

a gate of the first MOS varactor is connected to a third node,
and a drain and a source of the first MOS varactor are
shorted together and connected to a first control voltage;

a gate of the second MOS varactor is connected to a fourth
node, and a drain and a source of the second MOS
varactor are shorted together and connected to the first
control voltage;
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one end of the first resistor is connected to the third node,

and the other end of the first resistor is grounded;

one end of the second resistor is connected to the fourth

node, and the other end of the second resistor is
grounded;

two ends of the third capacitor are respectively connected

to the first node and the third node, and two ends of the
fourth capacitor are respectively connected to the second
node and the fourth node; and

the first node is a first connection node between the reso-

nance circuit and the negative resistance circuit and out-
puts a first resonant signal, the second node is a second
connection node between the resonance circuit and the
negative resistance circuit and outputs a second resonant
signal;

in a case that the capacitor in the resonance circuit is

formed by the backward diode,

the resonance circuit comprises: a differential inductor, a

first backward diode, a second backward diode, a third
capacitor, a fourth capacitor, a first resistor and a second
resistor;

one end of the differential inductor is connected to a first

node, and the other end of the differential inductor is
connected to a second node;

an anode of the first backward diode is connected to a third

node, and a cathode of the first backward diode is con-
nected to a first control voltage;

an anode of the second backward diode is connected to a

fourth node, and a cathode of the second backward diode
is connected to the first control voltage;

one end of the first resistor is connected to the third node,

and the other end of the first resistor is grounded;

one end of the second resistor is connected to the fourth

node, and the other end of the second resistor is
grounded;

two ends of the third capacitor are respectively connected

to the first node and the third node, and two ends of the
fourth capacitor are respectively connected to the second
node and the fourth node; and

the first node is a first connection node between the reso-

nance circuit and the negative resistance circuit and out-
puts a first resonant signal, the second node is a second
connection node between the resonance circuit and the
negative resistance circuit and outputs a second resonant
signal.

4. The low-noise voltage-controlled oscillator according to
claim 1, wherein the negative resistance circuit comprises: a
first bipolar transistor, a second bipolar transistor, a first resis-
tor, a second resistor, a third capacitor, a fourth capacitor and
a fifth capacitor;

a base of the first bipolar transistor is connected to a third

node, and a collector of the first bipolar transistor is
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connected to a first node which is a first connection node
between the negative resistance circuit and the reso-
nance circuit;

a base of the second bipolar transistor is connected to a
fourth node, and a collector of the second bipolar tran-
sistor is connected to a second node which is a second
connection node between the negative resistance circuit
and the resonance circuit;

an emitter of the first bipolar transistor is connected to an
emitter of the second bipolar transistor, and a connection
node between the emitter of the first bipolar transistor
and the emitter of the second bipolar transistor is a
connection node between an input terminal of the nega-
tive resistance circuit and an output terminal of the cur-
rent source circuit;

one end of the first resistor is connected to the third node,
and the other end of the first resistor is connected to a
second control voltage;

one end of the second resistor is connected to the fourth
node, and the other end of the second resistor is con-
nected to the second control voltage;

one end of the third capacitor is connected to the first node,
and the other end of the third capacitor is connected to
the fourth node;

one end of the fourth capacitor is connected to the second
node, and the other end of the fourth capacitor is con-
nected to the third node; and

two ends of the fifth capacitor are respectively connected to
the second control voltage and ground.

5. The low-noise voltage-controlled oscillator according to
claim 3, wherein capacitance of each of the third capacitor
and the fourth capacitor is at least 10 times greater than
capacitance of each of the first MOS varactor and the second
MOS varactor.

6. The low-noise voltage-controlled oscillator according to
claim 3, wherein the first MOS varactor and the second MOS
varactor operate in an accumulation region or a depletion
region.

7. The low-noise voltage-controlled oscillator according to
claim 4, wherein the first bipolar transistor and the second
bipolar transistor are in a forward operating region.

8. The low-noise voltage-controlled oscillator according to
claim 2, wherein the first bipolar transistor and the second
bipolar transistor are in a forward operating region.

9. The low-noise voltage-controlled oscillator according to
claim 3, wherein the first backward diode and the second
backward diode operate in a reverse operating region.

10. The low-noise voltage-controlled oscillator according
to claim 2, wherein the first MOS transistor and the second
MOS transistor are in a saturation region.
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